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Effect of Adrenal ine ,  Noradrenal ine  and Insulin on Mg++ Dependent  A T P a s e  

In  the  present  paper  the  authors  wish to establish the  
effect of some biologically impor t an t  mater ia ls  on the  
ac t iv i ty  of Mg++ dependent  adenosine t r iphosphatase  
(ATPase) in the  e ry th rocy te  membrane .  Because the  
connect ion be tween the  ac t iv i ty  of Mg++ dependen t  
ATPase  and the  passive t ranspor t  of Na+ ions is con- 
sidered in some papers  ~-~, the  hormones  adrenaline,  nor- 
adrenal ine and insulin were used which m a y  have  a 
cer ta in  re la t ion to  passive permeabi l i ty  of ions. Adrenal ine 
changes the  fluxes of Na  + and CI- ions ~ and noradrenal ine  
the fluxes of K+ ions ~, s. The  relat ion be tween  insulin and 
the  permeabi l i ty  of Na+ and K+ ions was ment ioned  by  
ZIERLER 7 and in several  papers  quoted  by  SCHOFFENIELS 8. 

Materials  and methods. In  the  exper iments ,  to 0.1 ml  
of packed fresh h u m a n  ery throcytes  1 ml  of aqueous 
hormone  solutions were added. After  6 min  t r e a t m e n t  at  
room tempera tu re  the  e ry throcytes  were incubated  in the  
med ium which included hormone,  1.33 m M  ATP,  
265 m M  MgCI~ a n d  0 . 2 M  Tris-HC1 buffer  (pH = 7.4) 
at  37~ for 1 h. The  final  incubat ion  vo lume was 3 ml. 
The hormones  used were products  of the  f i rm Spofa:  
inject ion of 'Adrena l inum hydrochlor icum so lu tum 
1:1000', in ject ion of ' l - N o r a d r e n a l i n u m  hydro ta r t a r i cum 
in solut ione aquosa sterili  1:1000', in jec t ion  of ' Insul in '  
conta ined 40 I U  in 1 ml. The  ac t iv i ty  of Mg§ dependent  
ATPase  was determined from the  a m o u n t  of phosphorus  
split  off during incubation.  The amoun t  of phosphorus  
was es t imated  according to FISI~E and SUBBAROW 9. The  
ac t iv i ty  of Mg++ dependen t  ATPase  was expressed by  the  
Fmoles of P spli t  0if by  0.1 ml  of e ry throcytes  dur ing one 
hour 's  incubat ion  under  the  given conditions.  

Results  and discussion. In  all exper iments ,  adrenal ine 
and noradrenal ine  enhanced the  ac t iv i ty  of Mg++ depen- 
dent  ATPase .  There  were, however,  some individual  
differences in the  ex ten t  o f  their  effect, if e ry throcytes  
f rom different  persons were used. In  9 exper iments  
performed, some of the  e ry throcytes  were more sensit ive 
to adrenaline, whereas others to noradrenaline.  2 examples  
of var ious adrenal ine and noradrenal ine  act ion are given 

in Figure  1. The reason for this different  response of the 
blood ceils to bo th  hormones  has not  been invest igated.  

An addi t ion of more than  10 I U  of insulin to 0.1 ml  of 
e ry throcytes  s t imula ted  the  ac t iv i ty  of Mg++ dependent  
ATPase  (Figure 2). There  were small  differences in the  
effect of insulin on the e ry throcytes  of different  hea l thy  
donors. The s t imula t ion  of Mg++ dependent  ATPase  
ac t iv i ty  caused by  adrenaline,  noradrenal ine  or insulin 
was no t  changed in the  presence of 5 • 10-4M ouabain  
which inhibi ts  the  trig++, Na +, I(+ dependent  ATPase.  

The  hormones  enhance the  ac t iv i ty  of Mg ++ dependent  
ATPase  only in high concentra t ions;  however,  exogenous 
A T P  is not  cleaved by in tac t  e ry throcytes  under  physio- 
logical condit ions at  all1~ ~ so t h a t  eventua l  a l terat ions 
in the  membrane  caused by  lower adrenaline,  noradrena-  
line or insulin concentra t ions  cannot  be established by 
the present  techniques.  
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Fig. 2. Inf luence of insul in  on the ac t iv i ty  of Mg ++ dependent  
ATPase.  Resul ts  are expressed as mean  • S.E.M. Figures refer to 
the number  of exper iments .  
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Fig. 1. Inf luence of adrenal ine  (A) and noradrenal ine  (N) on the 
ac t i v i t y  of Mg ++ dependen t  ATPase  in  e ry th roey tes  of 2 blood 
donors (1) and  (2). The highest  a m o u n t  of adrenal ine  in  the incuba-  
t ion med ium corresponds to the concent ra t ion  1.8-2 m M  of nor- 
adrenaline.  

The enhanced ac t iv i ty  of Mg ++ dependent  ATPase  
af ter  adrenaline,  noradrenal ine  or insulin t r e a t m e n t  can 
be  explained ei ther  by  the  direct  ac t iva t ion  of the  enzyme 
by  hormones  Or by  a secondary conformat ion  change in 
the  molecule of the  enzyme,  due to p r imary  change in 
o ther  component(s)  of the  membrane .  We cannot  exclude 

.k 
the  possibi l i ty ei ther  t h a t  the  hormones  do not  influence 
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t h e  a c t i v i t y  of t he  e n z y m e  b u t  on ly  e n h a n c e  the  per-  
m e a b i l i t y  of A T P  t h r o u g h  t h e  m e m b r a n e  to t h e  ac t ive  
e n z y m e  centre .  

The  a c t i v i t y  of 3/[g++ d e p e n d e n t  A T P a s e  in t he  ery- 
t h r o c y t e  m e m b r a n e  is e n h a n c e d  in a d d i t i o n  to  insu l in  b y  
ad rena l ine  or n o r a d r e n a l i n e  wh ich  inf luence  t he  con t rac -  
t i on  of s m o o t h  muscle .  Does t h i s  f ac t  i nd i ca t e  a ce r t a in  
r e l a t ion  of Mg++ d e p e n d e n t  A T P a s e  to con t r ac t i l e  ghos t  
p ro t e in  12 ? A work ing  h y p o t h e s i s  is cons idered  t h a t  Mg ++ 
d e p e n d e n t  A T P a s e  could form a p a r t  of t he  region of t h e  
pores,  b y  wh ich  some subs t ances  p e n e t r a t e  t h r o u g h  t h e  
m e m b r a n e .  

Zusammen/assung. Die H o r m o n e  Adrena l i n  oder  N o r -  
a d r e n a l i n  s t imu l i e ren  in mensch l i chen  E r y t h r o z y t e n  die 
Aktivi tS. t  der  Mg++-abh/~ngigen ATPase .  Die A k t i v i t g t  
dieses E n z y m s  is t  a u c h  n a c h  de r  W i r k u n g  des In su l in s  
gesteigert .  
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Protein Synthesis  in Isolated, Beating Rat Atria 

To s t u d y  f u r t h e r  t he  pa thogenes i s  of ca rd iac  h y p e r -  
t r o p h y  1 *, a n d  to increase  u n d e r s t a n d i n g  of t h e  con t ro l  
of ca rd iac  p ro t e in  synthes is ,  i t  would  be  useful  to  be  able  
to  s t u d y  t he  l a t t e r  process  in v i t ro .  T he  s p o n t a n e o u s l y  
b e a t i n g  r a t  a t r i u m  lends  i tself  to  such  s tudies ,  pa r t i cu l a r l y  
to  i n v e s t i g a t i o n  of i n t e r v e n t i o n s  a f fec t ing  card iac  
p ro t e in  syn thes i s  ove r  sho r t  t i m e  periods.  

Methods. Male, Sp rague -Dawley  r a t s  were anes t he t i z ed  
w i th  e the r  a n d  t h e i r  h e a r t s  qu ick ly  r emoved .  B o t h  a t r i a  
were s e p a r a t e d  f rom t he  ven t r ic les  a n d  p laced  i n to  25 ml  
E r l e n m e y e r  flasks.  Th i s  p rocedure  requ i red  less t h a n  
2 rain.  5 ml  of T y r o d e ' s  m e d i u m  c o n t a i n i n g  glucose 
(5 ~m/ml)  a n d  L-leucine (1.0 ~m/ml)  se rved  as t h e  
i n c u b a t i o n  med ium.  L-leucine-l-14C was  added  to  yie ld  
a f ina l  specific a c t i v i t y  of 0.25 ~c/~zm. The  effect  on  
i n c o r p o r a t i o n  ra tes  of v a r i a t i o n  in leucine c o n c e n t r a t i o n  
was e x a m i n e d  b y  also i n c u b a t i n g  a t r i a  w i t h  0.25, 0.50, or 
4.0 ~ m / m l  leucine, vcith t h e  specific r a d i o a c t i v i t y  he ld  
cons t an t .  The  m e d i u m  was equ i l ib ra t ed  before  use w i t h  
95% O2/5% CO 2 to  yield a p H  of 7.4 a t  37~ 7.2 a t  
30~ a n d  7.0 a t  22~ A t  t he  end  of i n c u b a t i o n  t h e  a t r i a  
were homogen i zed  a n d  t o t a l  a t r i a l  p r o t e i n  was p r e p a r e d  
for r ad ioassay  as descr ibed  e lsewhere  5. 

The  r a t e  of Ieucine u p t a k e  f rom t he  m e d i u m  was 
d e t e r m i n e d  as follows: a f t e r  p r e i n c u b a t i o n  for 1 h in non-  
i sotopic  m e d i u m ,  t h e  a t r i a  were t r a n s f e r r e d  to m e d i u m  
c o n t a i n i n g  leucine-l-z4C a n d  a l lowed to i n c u b a t e  for 
e i the r  10 or 30 rain.  T he  t i ssue  was t h e n  r insed  qu ick ly  
3 t imes,  b l o t t e d  a n d h o m o g e n i z e d  in exac t ly  3.0 ml  of 
5% TCA. P r o t e i n  was p r e c i p i t a t e d  for a t  l eas t  3 h a t  
0-4~ A 0.5 m l  a l iquo t  of t h e  s u p e r n a t e  was radio-  
assayed  in a l iqu id  sc in t i l l a t ion  sys tem.  P a p e r  c h r o m a t o -  
g r a p h y  conf i rmed  t h a t  all coun t s  were in ~4C-leucine. The  
i n c r e m e n t  in  a c t i v i t y  in  t he  30 ra in  ove r  t h e  10 m i n  
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Fig. 1, The dependence of total atrial protein synthesis upon incuba- 
tion time and temperature. Note that at each temperature protein 
synthesis is linear for at least 2 h. In the 37 ~ system, there may 
be some fall in rate by the 3rd h of incubation. 

sample  conf i rmed  t h a t  u p t a k e  of leucine h a d  occurred.  
F u r t h e r  15 ra in  u p t a k e  e x p e r i m e n t s  t h e n  were used for 
t he  d a t a  r epo r t ed  here in .  

Results. The  l inear  i n c o r p o r a t i o n  of leucine in to  
a t r i a l  p r o t e i n  as a funct ion,  of t i m e  a t  va r ious  t e m p e r a -  
tu res  is shown  in F igure  1. The  re l a t ive ly  h i g h  r a t e  of 
i sotope i nco rpo ra t i on  in to  a t r i a l  p r o t e i n  a t  30~ com- 
p a r e d  w i t h  t h a t  in  r a t  ven t r i cu la r ,  k i d n e y  a n d  l iver  slices 
a n d  in whole  r a t e  d i a p h r a g m ,  is shown  in Tab le  I. The  
differences  do no t  seem due  solely to  di f ferences  in  leucine 
u p t a k e  (Table  II) .  The  effect  on  isotope i n c o r p o r a t i o n  
of v a r y i n g  c o n c e n t r a t i o n s  of leucine in t he  m e d i u m  is 

s h o w n  in F igure  2. A b o v e  0.5 ~ m / m l  t h e  f ina l  specific 
a c t i v i t y  of t o t a l  a t r i a l  p ro t e in  is max ima l .  Progress ive  
i n c r e m e n t s  in  leucine u p t a k e  occur  a t  each  c o m p a r a b l e  
c o n c e n t r a t i o n  (Figure 3). P r o t e i n  syn thes i s  is a b o u t  25% 

Table I. Incorporation of leucine-l-14C into total protein by various 
rat tissue preparations 

Tissue Specific activity 
(epm/mg protein) 

VentricuIar slices 76 ~ 10 
Intact diaphragm 116 =h 12 
Kidney slices 278 =~ 23 
Liver slices 423 i 18 
Intact, beating atria 623 =h 50 

Mean -4- S.E. of the mean. 

Table II. Uptake of leucine-l-14C from the incubation medium by 
various rat tissue preparations 

Tissue Uptake 
(~zm • 103 leucine/100 mg wet wt.) 

Kidney slices 57 ~ 1.5 
Liver slices 45 • 1.5 
Intact, beating atria 51 :k 1.5 

Mean 4- S.E. of the mean. 
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